Two experiments were conducted to determine the seasonal effects of N fertilizer ( N F ) and defoliation interval ( D I ) on specific N fractions within annual ryegrass ( A R ) and overall usage of AR N by growing lambs. In Exp. 1, NF (0, 112, 224, and 336 kg of N/ha) and D1 of 2 , 4 , or 6 wk were factorially applied to AR plots. Both decreasing D1 and increasing NF increased N levels in AR in a manner that depended on harvest date ( N F or D1 x harvest date interaction, P < .05). The proportions of .2% NaOH soluble N or soluble protein N were not affected ( P > .05) by NF or DI. Although NF had no effect ( P > .05) on in situ disappearance of DM, decreasing the D1 seemed to reduce the severity of the season-induced reduction in DM disappearance (D1 x harvest date interaction, P = .04). In Exp. 2, NF ( 0 or 224 kg of N/ h a ) and a D1 of 2 or 6 wk were factorially applied to AR plots. Fresh, frozen AR was fed in semipurified diets (48% of DM as AR) to four wether lambs (23 +_ 1.3 kg) using a 4 x 4 Latin square. Diets including AR had greater ruminal DM and plant N digestibilities when AR had a 2-wk vs a 6-wk D1 with NF but had reduced digestibilities when AR had a 2-wk vs a 6-wk D1 without NF. Lambs retained more N when fed diets with fertilized vs unfertilized AR ( P = .O 1)
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Introduction
The ruminal degradability of forage protein is likely determined in part by the physical accessibility of plant proteins to microbial proteases. Forages assimilate N throughout their growth; however, this N is used and stored in chemical forms (Wilman et al., 1976) and locations that change through various stages of plant maturity. Presumably, changes in N distribution and form could alter the ruminal degradability and(or) the intestinal availability of plant N. Nitrogen fertilization ( NF) and defoliation interval ( D l ) are two forage management factors that have been shown to change plant N concentration and indices of plant maturity (Bartholomew and Chest-treatment was additionally applied across fertilization and D1 treatments; however, fungicide application did not affect the criteria reported herein and are not discussed. A completely randomized design was used with a factorial treatment arrangement of DI, NF, and fungicide application. Forage samples were collected from each plot with a flail harvester. One subsample from each plot was frozen ( -18"C), lyophilized, and ground (Wiley mill with 2-mm screen) for analyses.
In Situ Measurements. Ryegrass plot samples were combined (equal DM basis) to form single composites of each combination of NF, DI, and the three cutting dates that included all DI. Duplicate 4-g samples of air-dry ryegrass were weighed into 5-cm x 15-cm Dacron bags having 35-pm pore openings. A mature Holstein cow with a ruminal cannula was fed alfalfa and bermudagrass hay in a ratio of 3:2 in equal increments at 0700 and 1900 daily with DM1 restricted to 1.8% of BW. Trace mineral salt and fresh water were available continuously. After a 2-wk dietary adaptation, the bags were ruminally incubated for 3 and 7 h by attaching bags to weighted lines. The bags were removed and chilled in ice water for 20 min and then washed until the effluent was clear. In situ DM disappearance was determined after drying bags at 100°C for 10 h.
Experimenf 2
Ryegrass Production. Annual ryegrass ( Lolium multiflorum Lam., CV. Gulf) was seeded into predominately bermudagrass pastures immediately after the pasture had been cut with a drum mower in October 1988 in Baton Rouge, LA. The pasture was clipped to approximately a 5-cm stubble height with a drum mower on February 13,1989. Four plots (45 m x 15 m), balanced for variance in soil fertility and moisture content, were used to produce forage for an animal feeding trial. The four plots were randomly assigned to four treatments in a 2 x 2 factorial treatment arrangement of NF (zero or 224 kg of N/ h a ) and D1 ( 2 or 6 wk). The plots were fertilized uniformly with 300 kgha of a granular fertilizer (25% P 2 0 5 and 25% K201 and were sprayed with 2.3 L/ha of 2,4-D (Universal Cooperative, Minneapolis, MN) on February 16, 1989. After a staging harvest, the fertilized 6-wk regrowth plot was fertilized with 224 kg of Nha. Nitrogen was split-applied in equal increments to the fertilized, 2-wk regrowth plot after the staging harvest and following defoliation on February 28 and March 14, 1989 . On March 28, 1989 , samples for laboratory analyses were obtained by cutting two 2.1-m x 6-m quadrats with a drum mower and processed as described above. Then, the four plots were harvested with a flail harvester and the forage was frozen for later use in a lamb metabolism study.
Lamb Metabolism Study. Four wether lambs (23 f 1.3 kg), previously equipped with permanent ruminal and abomasal cannulas (Kennedy and Bunting, 1992) , were used in a study approved by the Institutional Animal Care and Use Committee of the LSU Agricultural Center. The lambs were randomly assigned to the four ryegrass-based diets (Table 1) using a 4 x 4 Latin square design with a 2 x 2 factorial treatment arrangement. The lambs were housed in individual .6-m x 1.5-m metabolism crates at 23°C with a 12-h photoperiod daily throughout the experiment. They were fed at 0700 and 1900 daily with DM1 restricted to 2.5% of BW. During the experiment, 5 g of a 10% Cr2O3 concentrate pellet was incorporated into the diet at each feeding as an indigestible marker.
For 14 d before initiating the study, the lambs were gradually adjusted to experimental diets by starting to feed the lambs diets that consisted of 70% bermudagrass and 30% of a mixture of 47.5% cornstarch, 47.5% fresh ryegrass, and 5 % of a vitamin and mineral supplement on a DM basis. Bermudagrass intake was decreased and the mixed feed intake increased by 10% daily until 100% of the diet consisted of the treatment forages, cornstarch, and a supplement by the end of the adaptation period. The supplement was included at 6.5% of the DM in all diets and contained 27% urea to ensure adequate dietary CP for lambs on the diet containing unfertilized ryegrass with a 6-wk DI. Each period consisted of 7 d of adjustment followed by 5 d of excreta and sample collection. Frozen ryegrass was also sampled daily throughout each period and composited. Feed refusals were rare, but when they occurred, refused feed was manually inserted into the rumen through the ruminal cannula before the next feeding. Fresh water was available continuously. Total feces and urine and samples of abomasal and ruminal fluid were collected daily for 5 d using the collection schedule and processing methods described by Bunting et al. (1992) . Immediately before freezing, pH was measured on ruminal samples. At the end of the experiment, 250 mL of ruminal fluid was collected from each lamb and frozen for the purpose of determining purine N concentrations in ruminal microorganisms. Blood samples (10 mL) were collected into evacuated, heparinized tubes by jugular puncture 1.5, 3, and 7 h after feeding on d 1, 3, and 5 , respectively, of each collection period. Blood samples were centrifuged (2,000 x g, 10 min, 4°C) and pooled on an individual lamb basis within each collection period.
Seven hundred grams of ryegrass from each of the four treatments was lyophilized and cut t o a length of 3 cm. The ryegrass was labeled with Yb as described by Turnbull and Thomas (1987) for 24 h at 4°C. A subsample was retained for DM and Yb analyses and the remaining marked forage was frozen until fed. Fifty grams of wet Yb-labeled ryegrass was fed to the lambs at the 0700 feeding on the 2nd d of each collection period. Fecal subsamples were obtained at 0, 6, 18, 24, 30, 36, 42, 48, 54, 60, 66, 72, 78, 84 , and 96 h postdosing and frozen. Ruminal particulate passage rate was calculated using the two-compartment model described by Ellis et al. (1979) with ruminal passage rate defined by the descending portion of the fecal excretion curve.
Laboratory Analyses. Soluble N was extracted from ryegrass samples by soaking .5 g of air-dry, lyophilized forage in 75-mL centrifuge tubes with 25 mL of .2 N NaOH for 1 h at 39°C in a shaking water bath. The solvent extract was filtered through four layers of cheesecloth and then centrifuged at 8,000 x g for 20 min. The supernatant was then deproteinized by adding trichloroacetic acid to a final concentration of 15%, allowed to stand for 10 min, and then centrifuged ET AL.
(8,000 x g, 20 min). Previous work in this laboratory (Zhang, 1993) , comparing a variety of solvents, indicated that this method is an effective means of fractionating soluble N in ryegrass.
Frozen fecal samples were dried at 60°C in a forcedair oven, allowed to air-equilibrate, and then ground (2-mm screen) for analysis. Absolute DM in forage, diet, and fecal samples was determined by drying samples at 100°C (AOAC, 1990) . Nitrogen was determined on soluble N extracts by micro-Kjeldahl and on all other samples by macro-Kjeldahl (AOAC, 1990) . Direct determination of ADF (Van Soest et al. 1990 ) was made on forage, abomasal, and fecal samples.
Ruminal fluid samples were centrifuged a t 27,000 x g for 15 min and then frozen until analyzed. One-half gram of lyophilized abomasal composite was incubated in a 15-mL centrifuge tube with 10 mL of .2 N HC1 solution a t 4°C for 12 h and was centrifuged at 27,000 x g for 15 min to extract NH3. Ammonia was determined in supernatant fractions as described by Broderick and Kang ( 1980) . Blood samples were analyzed for plasma urea N (Chaney and Marbach, 1962) .
For Cr analysis, samples were wet-ashed using a mixture of nitric and perchloric acids (Kimura and Miller, 1957) . For Yb analysis, fecal samples were dry-ashed at 550°C for 24 h and solubilized with 4 N HCl and then allowed to reflux at 98°C for 1 h (Turnbull and Thomas, 1987) . Chromium and Yb concentrations in the extracts were determined by atomic absorption spectrophotometry (Perkin-Elmer, 1982) . All Yb samples and standards contained 2 mgl mL of K from KC1 that served as an ionization buffer and minimized absorptive interferences (Goetsch and Galyean, 1983) . The 250-mL ruminal fluid samples (one per treatment) were composited and a single microbe-rich pellet was prepared by centrifugation a t 650 x g for 10 min, followed by centrifugation of the resulting supernatant at 25,000 x g for 30 min. The microbial pellet and abomasal samples were then analyzed for purine N (Zinn and Owens, 1986) .
Microbial N in abomasal digesta composites was estimated based on the purine N concentration of the microbial pellet (12% of total N). Fecal Cr recovery averaged 93% across all treatments. Chromium data were used to compute abomasal flow of microbial N and feed nutrients. Abomasal flow of ryegrass N was computed by correcting total N flow for the contributions of microbial and NH3 N.
Statistical Analyses
Data for plant N fractionation or in situ digestion in Exp. 1 were analyzed by split-plot ANOVA with treatment as the main plot and harvest date as the subplot. The main plot consisted of a 4 x 3 x 2 factorial treatment arrangement of NF, DI, and fungicide treatment; the error term for testing treatment effects and their interactions was the plot or bag x NF x D1 x fungicide treatment interaction. In the subplot, harvest date and the harvest date x treatment interaction were tested with residual error.
When harvest date effects were detected, linear and quadratic contrasts were also applied to treatment means.
In Exp. 2 the model tested the effects of animal, period, NF, DI, and their interactions. Ruminal NH3 N and pH data were also analyzed by split-plot ANOVA with treatment as the main plot and sampling time as the subplot; the error term for testing treatment effects and their interactions was the NF x D1 x animal x period interaction. In the subplot, sampling time and the sampling time x treatment interaction were tested with residual error. All statistical analyses were conducted using the GLM procedures of SAS (1988).
Results

Experiment 1
Across forage treatments, plant N concentrations averaged 2.42, 2.05, and 2.63% on March 1, April 13, and May 24, respectively. Plant N concentrations on March 1 and May 24 seemed to be directly proportional to the level of fertilizer applied (Figure 1; top) ; however, all NF treatments were similar at the April 13 harvest date. Plant N concentrations of unfertilized ryegrass gradually increased during the growing season ( N fertilizer x harvest date interaction; P <
.O 1). Increasing the level of NF gave expected increases in yield (kilogramshectare) of plant DM (yield data reported in Zhang, 1993) . In addition, plant N yield increased by 75% for each additional 100 kg of N/ha that was applied. With a D1 of 2 wk, plant N concentration increased as harvest date advanced ( Figure 1) ; however, as the D1 was extended, N concentrations in ryegrass dropped progressively (D1 x harvest date interaction, P < .O 1). A D1 of 2 wk partially overcame the decrease in plant N content that occurred at the April 13 harvest. But, because extending the D1 dramatically increased plant DM yield (data not shown), plant N yield was increased slightly with increasing DI. There were no ( P > .05) other two-or three-way interactions among treatment factors. Across forage treatments, from March 1 to May 24, the proportion of total soluble N declined (linear, P < .01) from 53.8 to 43.8% of total ryegrass N and the proportion of soluble protein N declined (linear, P < .01) from 35.7 to 26.1% of total ryegrass N. However, the concentrations of both total soluble N and soluble protein N in ryegrass (data not shown) responded to forage treatment in a pattern similar to total N. Hence, when averaged across harvest dates, the proportion of soluble N remained a constant 50% of total ryegrass N, regardless of the forage treatment ( P > .05). Similarly, the percentage ( X = 66.3%) of total soluble N represented by soluble protein N was not affected ( P > .Os) by NF or DI.
When measured after either 3 or 7 h of incubation, there were reductions (quadratic, P < .05) in the in situ disappearance of ryegrass DM and N with advancing growing season (Figure 2 ). Forage treatment did not affect ( P > .05) DM disappearance after 7 h of incubation or N disappearance after 3 or 7 h incubation. When measured after 3 h of incubation, the severity of the reduction in DM disappearance with advancing harvest date declined as the D1 was reduced (D1 x harvest date interaction, P = .04).
Experiment 2
Although statistical comparisons could not be made, plant N concentrations seemed to be higher and ADF concentrations seemed lower when ryegrass was fertilized or harvested more frequently ( Table 2) . As observed in Exp. 1, NF and D1 had little effect on the proportion of ryegrass N that was soluble or the proportion of soluble N presented as true protein N. Although applying N fertilizer seemed to reduce the percentage of total N that was bound in the ADF fraction (ADF N) in ryegrass, changing D1 seemed to have little effect. Because the proportion of ryegrass in the diets was held constant, lambs fed diets containing ryegrass that was fertilized or had a 2-wk D1 consumed slightly less ADF but considerably more N than lambs fed diets with ryegrass that was not fertilized or had a 6-wk DI, respectively (Table 3 ) . When diets contained unfertilized ryegrass, DM was less ruminally digestible when the ryegrass had been defoliated every 2 wk compared with every 6 wk; however, when diets included fertilized ryegrass, ruminal digestibility of DM was slightly greater for diets containing ryegrass that was harvested at 2 wk than when harvested at 6 wk (NF x D1 interaction, P = .02). Ruminal ADF digestibility was greater when diets included fertilized compared with unfertilized ryegrass (44.5 vs 23.9%, respectively; P = .001) and when diets contained ryegrass harvested every 6 wk compared with every 2 wk (42.6 vs 25.8%, respectively; P = .001). Furthermore, when diets contained unfertilized ryegrass, ADF was far less ruminally digestible when the ryegrass had been defoliated every 2 wk compared with every 6 wk; however, when diets included fertilized ryegrass, the reduction in ruminal ADF digestibility was less dramatic (NF x D1 interaction trend, P = .06). When diets included unfertilized ryegrass, apparent total tract DM digestibility was reduced if ryegrass had been defoliated every 2 wk compared with 6 wk; but, when diets included fertilized ryegrass, DM was slightly more digestible when ryegrass was harvested at a 2-wk compared with a 6-wk D1 ( N F x D1 interaction, P = .03). Total tract ADF digestibility was greater when diets contained fertilized compared with unfertilized ryegrass (62.6 vs 52.3%, respectively; P = .Ol> and when diets contained ryegrass harvested every 6 wk compared with every 2 wk (61.2 vs 53.6% respectively; P = .04). When diets contained unfertilized ryegrass, ruminal particulate passage rate was substantially slower when the ryegrass had been defoliated every 2 wk compared with every 6 wk, but when diets contained fertilized ryegrass, passage rate was slightly faster when the ryegrass had been harvested every 2 wk compared with every 6 wk (NF X D1 interaction, P = .04). 
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May 24 Harvest date Figure 2 . After 3 h of incubation (top), in situ disappearance of ryegrass DM (pooled SEM = 2.03%) was the result of an interaction (P = .04) between harvest date and defoliation interval; however, forage treatment did not affect (P > .05) disappearance of N at that time (pooled SEM = 2.56%). After 7 h of incubation (bottom), forage treatment did not affect (P > .05) in situ disappearance of ryegrass DM or N (pooled SEM = 2.46 and 2.63%, respectively). Regardless of the incubation time, there were curvilinear (P < .05) reductions in the disappearance of both DM and N with advancing harvest date. Table 3 . Intake, digestion, abomasal nutrient flow, and N metabolism in lambs fed ryegrass grown at two rates of nitrogen fertilization (NF) and two defoliation intervals (DI) The amount of total N reaching the abomasum was greater for lambs fed diets containing fertilized compared with unfertilized ryegrass ( 15.8 vs 14.3 g of N/d, respectively; P = .03) or diets containing ryegrass that was harvested every 2 wk compared with every 6 wk (15.9 vs 14.3 g of N/d, respectively; P = .03).
Neither NF nor D1 per se affected ( P > .05) flow of microbial N or plant N (feed N) to the abomasum. However, microbial N flow to the abomasum was lower for lambs fed diets containing ryegrass harvested every 2 wk compared with every 6 wk when the ryegrass was not fertilized, but microbial N flow was greater for lambs fed diets containing ryegrass harvested every 2 wk compared with every 6 wk when the ryegrass was fertilized (NF x D1 interaction trend, P = .09). Moreover, when diets included unfertilized ryegrass, more ryegrass N ( g of N/d) reached the abomasum of lambs fed diets containing ryegrass with a 2-wk compared with a 6-wk DI. Conversely, when diets included fertilized ryegrass, less ryegrass N reached the abomasum of lambs fed diets containing ryegrass with a 2-wk compared with a 6-wk D1 ( N F x D1 interaction trend, P = .06). The percentage of ryegrass N that escaped ruminal degradation was higher for lambs fed diets containing ryegrass harvested every 2 wk compared with every 6 wk when the ryegrass was not fertilized but was lower for lambs fed diets containing ryegrass harvested every 2 wk compared with every 6 wk when the ryegrass was fertilized ( N F x D1 interaction, P = .04).
Lambs excreted more urinary N when fed diets that included fertilized compared with unfertilized ryegrass (10.9 vs 6.4 g ofN/d, respectively; P = .OOl) or when fed diets that included ryegrass that was harvested at a 2-wk compared with a 6-wk D1 (10.1 vs 7.2 g of N/d, respectively; P = .001). Although D1 did not affect ( P = .41) total fecal N excretion, lambs fed diets that included unfertilized ryegrass excreted more ( P = .05) fecal N than those fed diets containing fertilized ryegrass (3.7 vs 3.2 g of N/d, respectively).
Lambs retained more ( P = .01) N when fed diets containing fertilized compared with unfertilized ryegrass (4.6 vs 2.8 g of N/d, respectively). Lambs tended ( P = .08) to retain more N when fed diets that included ryegrass harvested every 2 wk compared with every 6 wk (4.1 vs 3.3 g of N/d, respectively). Lambs retained a similar ( P > .05) percentage of the N they consumed regardless of the dietary treatment.
Plasma urea N concentrations were higher ( P = .001) in lambs fed diets including fertilized compared with unfertilized ryegrass (15.3 vs 9.55 m M , respectively). In addition, plasma urea N concentrations were higher ( P = .02) in lambs fed diets containing ryegrass harvested every 2 wk compared with every 6 wk (13.9 vs 11.0 mM, respectively); however, this effect was less dramatic in lambs fed diets containing unfertilized compared with fertilized ryegrass ( N F x D1 interaction trend, P = .09). Ruminal NH3 N concentrations peaked a t approximately 2 h after feeding in all lambs and were consistent with the levels of N consumed (Figure 3) . When lambs were fed diets containing ryegrass that was both fertilized and harvested every 2 wk, NH3 N concentrations were sustained a t much higher levels than observed for lambs on other diets ( N F x D1 interaction, P = .02). In spite of the addition of a buffer (NaHC03 ; Table 1 ) to the diets, the presence of cornstarch in the diets elicited moderate reductions in ruminal pH (data not shown). Across treatments, pH declined from a high of 6.8 immediately before feeding to a low of 5.9 by 4 h after feeding. Although mean ruminal pH tended to be slightly lower ( P = .06) for lambs fed diets containing unfertilized compared with fertilized ryegrass (6.2 vs 6.4, respectively), there was no effect of D1 alone ( P = .32) or a NF x D1 interaction ( P = .59) affecting ruminal pH.
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Discussion
Application of fertilizer resulted in predictable increases in the N content of ryegrass. Moreover, the results of both Exp. 1 and 2 confirmed earlier observations (Lowe and Bowdler, 1988 ) that increasing the D1 from 2 to 6 wk reduces plant N content. A decrease in plant N concentration may result from either an increase in the proportion of stem (Hoveland and Monson, 1980) or from dilution of plant N with accumulated carbohydrate (Chesson et al., 1985; Goto et al., 1991) . .a-+-*. As expected, the in situ digestibility of ryegrass DM declined dramatically as the growing season advanced. Although NF had no effect on in situ digestibility, reducing the D1 did seem to be marginally effective in maintaining plant digestibility (Figure 1 ). Similar effects of advancing growing season, NF, and D1 on digestibility of perennial ryegrass ( Lolium perenne L. ) have been demonstrated (Wilman et al., 1976; Chestnutt et al., 1977) . The forage treatment imposed seemed to have only a small effect on the digestibility of diet DM in either the rumen or total tract (Table  3 ) of the lambs. Clearly, this is partially the result of the significant dilution of ryegrass DM by the non-forage dietary components. In contrast, the digestibility of dietary ADF was markedly affected by the forage treatment. Both the ruminal and total tract digestibility of ADF were higher for diets containing fertilized compared with unfertilized ryegrass, suggesting a delay in the development of primary cell wall structure with NF. We have no explanation for the observation that both ruminal and total tract ADF digestibilities were considerably lower in lambs fed diets containing ryegrass that was harvested more frequently. This effect seemed to be exaggerated in lambs fed diets that included unfertilized ryegrass harvested every 2 wk. Although not well supported by data from ADF concentrations, visual inspection of the unfertilized, 2-wk D1 ryegrass suggested that it may have had greater contamination with non-vegetative foreign material (most likely dormant bermudagrass) than other ryegrass treatments. This treatment produced the least yield, which probably allowed the harvester to pick up more of the litter layer. This foreign material would presumably have been substantially less digestible. The ruminal digestibility of ADF observed in this experiment was low. Likely, this was partially the result of reduced ruminal fiber digestion resulting from the presence of a high level of readily fermentable carbohydrate in the diet (Mertens and Loften, 1980) . However, poor marker performance or other analytical artifacts cannot be ruled out as factors contributing to the low digestibilities. Because DM1 was restricted in this experiment, it was anticipated that ruminal particulate passage data would show a pattern similar t o that of the ruminal digestibility data. As observed for ruminal DM and ADF digestibilities, passage rate was indeed considerably lower for lambs fed diets containing unfertilized ryegrass with a 2-wk D1 compared with lambs on the other diets (2.5% vs 3.6%/h, respectively); however, there was little agreement between passage rate and ruminal digestibility among lambs on the other three diets. Although there was also apparently little agreement between ruminal digestibility and microbial N production, microbial N flow did seem to follow a pattern consistent with ruminal passage rate. Although we are not certain of how this association might have related to the ruminal degradation and ultimate outflow of various forage and non-forage particulate fractions from the rumen, this may indicate that microbial growth was more efficient on those diets with higher passage rates.
In spite of the large differences in N intake among treatments, differences in abomasal N flow among forage treatments were small. Fifteen percent of the N consumed by lambs fed diets containing fertilized ryegrass did not reach the abomasum. In contrast, abomasal N flow exceeded N intake by 10% in lambs fed diets that included unfertilized ryegrass. This may indicate that endogenous contributions of salivary N and other nitrogenous secretions were significant. Van Vuuren et al. (199 1) noted that, when lush pasture forages are fed, the quantity of N reaching the ruminant intestine varies little, irrespective of changes in dietary N intake. This might be expected when all forage diets are fed, given that the asynchrony between microbial degradation of plant proteins (rapid) and structural carbohydrate (slow) would have the potential to produce large ruminal losses of excess NH3 N. In the lamb study, ryegrass was fed with equal proportions of cornstarch and smaller losses of N before the abomasum were expected.
Based on abomasal recovery of ryegrass N, an average of 56% of the ryegrass N consumed was degraded in the rumen. The highest ruminal degradability for ryegrass N (70%) was observed in lambs fed diets including fertilized ryegrass harvested every 2 wk. This estimate would be similar to those reported by Lindberg ( 1988) and Van Vuuren et al. ( 199 1) in lush pasture forages. The lowest ruminal degradability for ryegrass N (44%) was observed in lambs fed diets including unfertilized ryegrass harvested every 2 wk, which was consistent with the apparently lower overall digestibility of this ryegrass. We are not certain that the interaction that resulted from these responses can be meaningfully interpreted regarding the expected effects of NF and D1 on the ruminal degradability of forage N. This is underscored by the observation that neither NF nor D1 had any influence on the apparent degradability of ryegrass N in situ.
Disappearance of ryegrass N in situ was extremely rapid; between 60 and 68% of plant N disappeared after only 3 h of ruminal incubation (Figure 2) . By 7 h of ruminal incubation, the extent of N disappearance had only increased slightly ( 6 5 to 7 l%), suggesting that all soluble plant N was essentially gone by 3 h after feeding. This observation seems to be consistent with laboratory data that indicated that more than half of ryegrass N was readily soluble in .2% NaOH.
Ruminal NH3 N concentrations corroborated the rapid degradation of ryegrass N (Figure 3 ) but seemed to reflect total N intake more than potential differences resulting from the forage treatments.
Ammonia N concentrations peaked by 2 h after feeding at concentrations that were more than threefold greater than prefeeding concentrations. After the 2-h time point, ruminal NH3 N concentrations remained consistently higher in lambs that were fed fertilized, 2-wk-old ryegrass than when lambs were fed the other treatments. This may indicate that, although soluble ryegrass proteins may have been rapidly released into solution, they were degraded to NH3 fairly slowly. Nugent and Mangan (198 1) observed that the rate of proteolysis of leaf protein (Fraction 1) from alfalfa was actually slower than that of casein in the rumen.
The efficiency of N usage ( N retained as a percentage of N intake) was low. The lambs used in this study were young, with an estimated CP requirement of approximately 16% (NRC, 1985) . The complete diets including unfertilized ryegrass with a 2-wk or 6-wk D1 or fertilized ryegrass with a 2-wk or 6-wk D1 contained 15.6, 12.2, 22.5, and 16.9% CP, respectively. As such, it was expected that only the diet containing fertilized ryegrass with a 2-wk D1 would supply adequate metabolizable CP for maximum growth response at the level of energy intake used in this experiment. MacRae and Ulyatt ( 1974) found that, for each unit of N supplied from perennial short-rotation ryegrass, 43% of the N was absorbed as amino N, but only 60% of absorbed N was retained by sheep. Several researchers (Byers, 1971; Eppendorfer, 1977; Morey, 1983) have shown that, in general, forage amino acid balance is good, but they have suggested that the sulfur amino acid content may be marginal. In our study, urinary N excretion and plasma urea N concentrations closely paralleled ruminal NH3 N concentrations. These findings were consistent with abomasal N flow data and suggest that ruminal NH3 N loss, rather than poor usage of ryegrass N for tissue synthesis, was probably the dominant factor causing poor efficiency of N usage.
Implications
Although application of nitrogen fertilizer or decreasing the defoliation interval may increase the nitrogen content of a lush forage, such as ryegrass, forage management may have only a slight effect on nitrogen-containing constituents. When ryegrass was fed with readily fermentable carbohydrate, there was little evidence that the ruminal degradation of plant nitrogen or the metabolizability of absorbed nitrogen was meaningfully influenced by the management scheme imposed on the ryegrass. In general, management schemes for similar forages should consider primarily the economic implications of these schemes on plant dry matter and nitrogen yield and should give only minor consideration to the effects of these schemes on forage nitrogen composition and feeding value.
